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ABSTRACT 


This  paper  addresses  a  mechanical  property  investigation  on  Ti-6Al-6V-2Sn  which  is 
used  for  the  rear  body  component  of  the  T5119  artillery  torsional  impact  test  projectile. 
Quantities  of  this  projectile  were  produced  during  1988  and  1989  at  the  U.S.  Army  Mate 
rials  Technology  Laboratory  (MTL)  upon  request  from  PM-NUC.  These  projectiles  had 
been  produced  at  MTL  approximately  10  years  ago.  In  the  earlier  work,  a  die  which 
resulted  in  a  forged  wall  thickness  less  than  1  inch,  which  is  customary  for  this  compo¬ 
nent,  was  used.  In  the  recent  program,  a  substitute  die  which  resulted  in  a  heavier 
forged  wall  thickness  of  approximately  1-5/8  inch  had  to  be  used.  This  was  necessary 
due  to  the  fracture  failure  of  the  customary  die.  Because  of  the  time  constraints  placed 
upon  MTL  by  PM-NUC  to  produce  and  deliver  both  the  T5119  and  T5106  test  projec¬ 
tiles,  time  was  not  available  to  make  a  replacement  die;  therefore,  it  was  necessary  to 
conduct  a  heat  treatment  study  of  the  thicker  wail  forgings  in  order  to  meet  the  mechan¬ 
ical  property  requirements  for  the  rear  body  component,  ^ne  solution  temperature  and 
five  aging  temperatures  were  used  in  this  investigation.  Tensile  and  Charpy  impact  prop¬ 
erties  were  obtained  in  addition  to  other  factors  such  as  sampling  procedures  and  micro 
structure.  As  a  result  of  these  findings,  an  optimum  heat  treatment  for  the  investigated 
conditions  was  established  that  met  the  design  mechanical  properties  for  this  artillery 
shell  component. 
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BACKGROUND  AND  INTRODUCTION 


The  rear  body  material  for  the  155-mm  T5119  torsional  test  projectile  is  specified  to  be 
Ti-6Al-6V-2Sn.  This  titanium  alloy  is  also  used  for  the  same  component  in  the  454  nuclear 
round.  The  major  reason  for  the  selection  of  titanium  is  weight  reduction  versus  steel.  The 
Ti-6Al-6V-2Sn  alloy  is  specified  because  it  can  be  heat  treated  to  the  required  mechanical 
properties.  The  mechanical  properties  specified  for  this  part,  called  Body  Section  Rear,  are: 
(1)  170  ksi  yield  strength  at  0.1%  offset,  (2)  6%  elongation,  (3)  13%  reduction  of  area,  and 
(4)  Charpy  V-notch  impact  toughness  of  6  ft-lb  at  -40SF. 

The  T5119  test  projectile  is  used  to  measure  the  torsional  impact  on  the  projectile  within 
the  gun  tube  at  the  point  of  engagement  with  the  rifling.  It  contains  triaxial  accelerometers 
that  measure  axial  accelerations  (TWIST),  that  occur  when  the  projectile  engages  the  gun 
tube  rifling.  Projectile  axial  acceleration  must  be  kept  within  limits  since  excessive  axial 
acceleration  will  result  in  projectile  component  breakup  or  ballistic  performance  failure. 
Extensive  research  was  conducted  in  this  area  by  Bluhm  et  al.  at  the  Watertown  Arsenal  in 
the  early  1960s.1 

Rear  bodies  for  the  T5119  were  made  at  the  Watertown  site  in  the  late  1970s  using  con¬ 
ventional  forging  practice  that  generated  a  forging  wall  thickness  of  less  than  1"  and  a  heat 
treatment  was  established  to  meet  the  specified  mechanical  properties. 

Most  recently,  the  U.S.  Army  Materials  Technology  Laboratory  (MTL),  formerly  Watertown 
Arsenal,  was  requested  by  PM-NUC  at  the  U.S.  Armament  Research,  Development,  and  Engineer 
ing  Center  (ARDEC)  to  fabricate  for  delivery  to  West  Germany  16  T5119  and  44  T5106  test  pro 
jectiles.  The  T5106  projectile  is  used  to  measure  the  external  ballistics  such  as  range  distance 
and  time  in  flight,  both  of  which  must  also  be  duplicated  in  the  firing  of  the  454  nuclear  projec¬ 
tile.  This  program  was  scheduled  as  an  18-month  effort.  However,  funding  was  not  received 
until  six  months  later  which  meant  that  the  program  had  to  be  completed  in  less  than  12  months. 

The  purpose  of  this  report  is  to  present  the  results  of  a  heat  treatment  study  which  had 
to  be  conducted  on  the  titanium  rear  body  forgings.  This  study  was  necessitated  by  the  fact 
that  the  forging  die  which  was  used  for  the  fabrication  of  the  rear  bodies  in  the  late  1970s 
fractured  at  the  start  of  the  MTL  forging  operation.  The  time  limitation  did  not  allow  for 
the  making  of  a  new  die;  therefore,  a  substitute  die.  which  resulted  in  a  substantially  thicker 
wall  section  (1-5/8"  thickness)  had  to  be  used.  A  new  heat  treatment  had  to  be  established 
in  an  attempt  to  meet  the  mechanical  property  specifications. 

MATERIALS  AND  EXPERIMENTAL  PROCEDURE 

Ti-6AI-6V-2Sn  is  a  heat  treatable  a  plus  /?  alloy  that,  in  many  aspects,  is  similar  to 
Ti-6Al-4V  but  contains  increased  content  of  /3  stabilizing  elements;  especially  vanadium,  which 
provides  higher  strength  potential  at  a  sacrifice  in  toughness  and  weldability.  This  alloy  can 
be  heat  treated  to  an  ultimate  tensile  strength  in  excess  of  170  ksi.  The  strength  obtainable 
is  related  to  forged  section  size.  The  response  to  heat  treatment  may  vary  from  heal-to-heat 
and  the  correct  aging  temperature  is  best  determined  by  tests  on  the  heat  in  question.'  The 
chemistry  of  this  alloy  (as  obtained  at  MTL)  is  shown  in  Table  1. 


1  BI.IJHM.  J  I.  et  al.  /  SM4  A  ft  Joint  Report  of  Redesign  Conducted  by  ihe  Stall  of  Watertown  Arsenal  Internal  W/A  Rl'  I  l‘ti>2 
2.  Aerospace  Structural  Metal  Handbook.  v.  4.  197S,  Code  .17|S,  p  |. 
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Table  1.  CHEMICAL  COMPOSITION  OF  Ti-6A!-6V-2Sn  TESTED  IN  WEIGHT  PERCENT 


At 

V 

Sn 

Cu 

Fe 

c 

N 

0 

h2 

Ti 

5.98 

5.31 

2.0 

0.84 

0.84 

0.03 

0.017 

0.189 

0.008 

Balance 

MTL  purchased  6-l/4"-diameter  Ti-6Al-6V-2Sn  barstock  in  the  commercial  grade  mill  annealed 
condition.  This  barstock  was  cut  into  billets  which,  in  turn,  were  faced  off  to  7-1/4"  lengths.  A 
3/4"  radius  was  machined  on  both  ends  to  eliminate  sharp  comers.  Following  billet  preparation, 
these  billets  were  coated  with  a  proprietary  glass  coating  which  served  the  dual  function  of  pro¬ 
tecting  the  titanium  alloy  surface  from  oxidation,  as  well  as  a  forging  lubricant. 

The  billets  were  heated  to  1650°F  and  forged  on  a  2000-ton  hydraulic  forging  press.  Following 
the  forging  operation,  the  billets  were  immediately  water  quenched  which  is  a  customary  practice  in 
titanium  forging.  These  forgings  were  then  rough  machined  in  preparation  for  heat  treatment. 

The  components  had  substantial  amounts  of  material  removed  to  enhance  the  titanium  alloy's 
responses  to  water  quenching  after  solution  treatment.  The  titanium  alloy  wall  thickness  should 
be  no  greater  than  1"  to  maximize  the  transformation  response  during  heat  treatment. 

In  order  to  meet  the  minimum  mechanical  properties  for  the  body  section  rear  (170  ksi  at  0. 1% 
offset.  6%  elongation,  13%  reduction  of  area,  and  6  ft-lb  Charpy  impact  energy  at  -40°F),  a  heat 
treatment  study  was  conducted  to  achieve  the  optimum  combination  of  mechanical  properties. 

Although  MTL  was  allowed  to  lower  the  minimum  yield  strength  from  170  ksi  at  0.1%  offset 
to  160  ksi,  extensive  efforts  in  exploring  various  solution  and  aging  treatments  were  made  to  meet 
the  required  minimum  specifications.  Table  2  shows  the  heat  treatments  performed  in  this  study. 


Table  2.  HEAT  TREATMENT  FOR  Ti-€AI-6V-2Sn  REAR  BODY  SECTIONS 


Specification 

Identification 

Solution  Treatment 
(°F) 

Aqing  Treatment 
(°F) 

3Q 

1600,  2  Hours,  W  Q 

950  4.5  Hours,  A  C 

3H 

1600,  2  Hours,  W  Q. 

975  4  5  Hours,  A  C. 

2QB 

1600,  2  Hours,  W.  Q. 

1025  4.5  Hours,  A  C 

2QA 

1600,  2  Hours,  W  Q. 

1050  4.5  Hours,  A  C. 

1A 

1600,  2  Hours,  W.  Q 

1075  4.5  Hours,  A  C. 

RESULTS 

The  mechanical  property  results  for  the  various  heat  treatments  are  tabulated  in  Table  3. 
Tensile  specimens  were  taken  in  the  transverse  direction.  Charpy  impact  specimens  were  also 
taken  in  the  transverse  direction  with  the  crack  propagating  in  the  radial  direction  (T-R). 

Data  is  based  on  two  individual  tests  and  then  averaged. 
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Table  3.  MECHANICAL  PROPERTIES  OF  Ti-6AI-6V-2Sn  SOLUTION  TREATED  AT  1600°F,  2  HOURS, 
WATER  QUENCHED,  AGED  FOR  4-1/2  HOURS,  AIR  COOLED 


Specification 

Identification 

Aging 

Temp. 

(°F) 

0.1  % 

Y.S. 

(ksi) 

0.2% 

Y.S 

(ksi) 

U.T.S. 

(ksi) 

Eton. 

(%) 

R.A. 

(%) 

Charpy 

Impact 

-40°F 

(ft-lb) 

3Q 

950 

164 

169 

190 

8.8 

176 

8  5 

168 

171 

189 

5.9 

16.8 

82 

166* 

170* 

190* 

7  4* 

172* 

8  4* 

3H 

975 

171 

174 

183 

9.1 

189 

8  7 

164 

168 

186 

9.1 

20.4 

8.7 

168* 

171* 

185* 

9.1* 

19.7* 

8.7* 

2QB 

1025 

161 

165 

181 

13.2 

30.3 

9.0 

163 

167 

186 

13.0 

15.3 

9.0 

162* 

166* 

184* 

13.1* 

22  8* 

9.0* 

2QA 

1050 

157 

159 

169 

11.6 

302 

95 

157 

159 

175 

11.5 

26  0 

100 

157* 

159* 

172* 

11.6* 

28.1* 

9.8* 

1A 

1075 

159 

163 

175 

7.3 

138 

10.1 

161 

164 

175 

93 

153 

10  3 

160* 

164* 

175* 

83* 

14.6* 

102* 

•Average 


The  heat  treatment  selected  was  (3H)  1600°F,  2  hours,  W.Q.,  and  age  at  975°F,  for  4-1/2 
hours,  A  C.  This  heat  treatment  resulted  in  the  highest  yield  strength.  All  other  properties 
(3H)  (i.c.  reduction  of  area,  elongation,  and  Charpy  impact)  exceeded  minimum  mechanical 
property  specifications.  Once  the  optimum  heat  treatment  for  the  Ti-6Al-6V-2Sn  body  section 
rear  was  established,  MTL  proceeded  to  heat  treat  four  lots  of  six  components  each  and  one 
quartered  body  section  (for  test  samples)  for  a  total  of  24  bodies  and  four  test  pieces.  Each 
heat  treat  lot  was  tested  for  mechanical  properties  by  obtaining  two  tensile  and  two  V-nolch 
Charpy  impact  specimens  from  the  quartered  body  section  the  results  are  shown  in  Table  4. 


Table  4  MECHANICAL  PROPERTY  RESULTS  FOR  BODY  SECTION  REAR  Ti-6AI-6V-2Sn  SOLUTION  TREATED 
1600°F,  2  HOURS,  WATER  QUENCHED,  AGED  975°F,  FOR  4  -1/2  HOURS.  AIR  COOLED 


Specification 

Identification 

0.1  % 

Y.S. 

(ksi) 

0.2% 

YS 

(ksi) 

UTS. 

(ksi) 

Eton 

(%) 

R.A. 

(%) 

Charpy 

Impact 

-40°F 

(ft-lb) 

Hardness 

(HRC) 

Al 

174 

177 

192 

96 

32.6 

77 

41  3 

AO 

173 

176 

192 

9  7 

27  8 

75 

41  5 

Bl 

173 

176 

192 

10.7 

31  8 

74 

41.1 

BO 

175 

179 

194 

8.3 

26  1 

83 

41.1 

Cl 

173 

175 

190 

71 

27  4 

7  0 

41.2 

CO 

172 

176 

192 

103 

29  5 

7  7 

41  0 

01 

171 

175 

190 

9  3 

27  3 

7  5 

409 

DO 

172 

176 

192 

7  8 

205 

70 

41  4 
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Tensile  properties  for  these  four  lots  were  higher  than  anticipated.  The  original  minimum 
yield  strength  requirement  of  170  ksi  was  exceeded  in  all  cases,  and  the  percent  reduction  of 
area  substantially  exceeded  those  properties  for  the  heat  treatment  established  in  this  investigation. 

The  authors  can  only  speculate  as  to  the  reason  for  the  slightly  higher  tensile  properties  for 
the  four  prototype  lots.  Possible  reasons  include:  (1)  longer  furnace  soakings  times  for  solution 
treating  and  aging  due  to  the  larger  lot  sizes,  and  (2)  better  furnace  temperature  control. 

MICROSTRUCTURE 

Photomicrographs  were  obtained  from  a  side  wall  location  for  both  the  as-forged  and  vari¬ 
ous  heat-treated  conditions.  The  rear  bodies  were  forged  in  the  a  plus  /?  region  at  1650°F, 
which  is  approximately  75°F  below  the  transus.  As  indicated  earlier,  the  heat  treatment 
study  consisted  of  solution  treating  at  1600°F  and  aging  at  temperatures  from  950°F  to  1075°F. 

Figure  la  is  a  photomicrograph  of  the  as-forged  condition.  The  microstructure  consists  of 
both  equiaxed  and  elongated  primary  a  in  a  /3  matrix  which  is  typical  for  Ti-6Al-6V-2Sn  when 
forged  high  in  the  a  plus  /?  region. 

Figure  lb  is  a  photomicrograph  for  the  selected  aging  temperature  of  975°F.  As  would 
be  expected,  the  microstructure  consists  of  equiaxed  and  elongated  primary  a  which  was  estab¬ 
lished  during  forging,  a-prime  (martinsitic  a)  the  transformation  product  of  during  water 
quenching  plus  a  retained  /J  matrix.  Again,  it  is  a  typical  microstructure  for  this  alloy  when 
forged  and  heat  treated  in  the  a  plus  /?  region. 

CONCLUSIONS 

The  purpose  of  this  study  was  to  establish  a  heat  treatment  for  Ti-6Al-6V-2Sn  which 
results  in  meeting  the  mechanical  property  specifications  as  required  for  the  155-mm  T 5 1 19 
torsional  impact  test  projectile  rear  body.  The  minimum  mechanical  properties  specified  for 
this  application  are  room  temperature  values  of  170  ksi  yield  strength.  6%  elongation,  13% 
reduction  of  area,  and  a  V-notch  Charpy  energy  of  6  ft-lb  at  -40°F. 

The  Ti-6AJ-6V-2Sn  heat  treatment  investigation  established  that  the  mechanical  property 
requirements  could  be  obtained  by  solution  treating  at  1600°F  for  two  hours  and  water 
quenching  followed  by  aging  at  975°F  for  4-1/2  hours  and  air  cooling  to  room  temperature. 

The  mechanical  property  data  base  established  as  a  function  of  heat  treatment  in  this 
study  will  be  valuable  for  the  T5119,  as  well  as  future  projectile  programs,  when  a  die  which 
results  in  a  forged  wall  thickness  of  approximately  1-5/8"  is  used.  It  should  be  clearly  under¬ 
stood,  however,  that  the  heat  treatment  selected  for  this  program  may  not  result  in  the 
required  properties  for  this  component  when  using  its  customary  size  forging  die  that  pro¬ 
duces  thinner  forging  wall  thicknesses  of  1"  or  less. 


4 


Figure  la.  Ti-6AI-6V-2Sn  as-forged,  Mag.  500X. 


gure  1b.  Ti-6AI-6V-2Sn  solutionized  1600°F  for  2  hours,  water  quenched, 
aged  at  975°F  for  4-1/2  hours,  air  cooled,  Mag.  500X. 
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